the usual insertion of two needles into the vessels is a basic nursing action, if we consider that it has to be repeated roughly 156 times a year we can understand its importance in the medium-/long-term maintenance of the VA. Cannulation is an essential skill for dialysis nurses: failure to correctly repeat this operation safely and effectively day after day may result in serious complications for the patients. The matter is not only related to expertise: in the current almost "assembly line" factory attitude for dialysis treatment (2), the pressure to execute all operations in the shortest possible time has led to focus more on the time required for an action than on the result thereof. In fact, time of conducting an action can be immediately measured, but the result of the action that is the medium-to long-term damage of the VA cannot be directly related to poor cannulation practices.
Introduction
Patients on extracorporeal dialysis treatment depend on well-functioning vascular access (VA) for their survival. The arteriovenous fistula (AVF) presents as the optimal VA, having a lower rate of complications, lower morbidity and fewer maintenance costs compared to central venous catheters (1) . In 2006 the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI) introduced a list of features that define a well-functioning VA among which was the statement "it can be easily cannulated", thus shifting focus from the surgical aspects of VA preparation to the way in which the VA is handled in normal clinical practice (1) . Although can be applied (or not) to facilitate cannulation, which can be conducted in one of three different ways: area ("one-site-itis", insertion of the needles in the same general area, session after session), rope-ladder ("site-rotation", change of the needle placement sites for each dialysis session, choosing sites at a defined distance from the previous one along the vascular access line) or buttonhole ("constant-site", insertion of the needle in the exact same spot and at the same angle and depth of penetration for consecutive dialysis sessions). Arterial needles can be inserted antegrade (in direction of the blood flow) or retrograde, with the bevel up or down. If the needle is inserted with bevel up, then this needle is often rotated in an attempt to produce a higher blood flow. This rotation might result in additional endothelial trauma (3) , increasing the size of the puncture orifice, and so facilitating the exposure to bacterial pathogens and increasing both peri-needle bleeding during treatment as well as bleeding time after needle removal. Finally, needles can be fixed to the patient's arm in different ways, sometimes codified as Butterfly, Chevron and U-shape and sometimes not.
It is clear that all these different options can affect the success of the cannulation, firstly by avoiding the need to insert additional needles or recannulate after initial failure, but also by avoiding the high-risk complications of haematoma, haemorrhage and blood infiltration.
A few studies already addressed the issue of cannulation practice and associated complications (4-6), but convincing evidence for best practices is still lacking. The aim of this study was to investigate if the different aspects (i.e., needle axis rotation, needle fixation, cannulation technique) of AVF and AVG cannulation have an effect on the development of acute access complications. These are defined here as the need for multiple-cannulation, haemorrhage, haematoma, infiltration and unknown.
Patients and methods
In April 2009, a cross-sectional survey was conducted in 171 dialysis units located in Europe, the Middle East and Africa to collect details on VA cannulation practices on a clinic by clinic level. The survey details and results have already been published (7, 8) . The association between acute access complications (i.e., multiple-cannulation, haemorrhage, haematoma, infiltration, unknown) observed during the survey and cannulation practice was investigated in all 10,807 patients enrolled in the survey.
Information on cannulation retrieved from the survey comprised fistula type and location, cannulation technique, needle size, use of disinfectants and of local anaesthetic, application of arm compression at the time of cannulation, arterial needle and bevel direction, needle rotation, first needle inserted (arterial/venous), and needle fixation. Five categories of complications were investigated: multiple-cannulation, infiltration (needle dislodgment from inside the fistula/graft causing blood leaks outside of the vessel into the surrounding tissues, swelling and pain in the area), haematoma (results from needle infiltration with signs of bruising to the skin and/ or hardened lumps), haemorrhage and unknown.
Data were reported as proportions. A logistic regression model was used to investigate the relationship between variables and the onset of a VA complication on the day of the survey. The following variables were considered: needle size with or without back-eye, skin disinfectant, use of a local anaesthetic, application of tourniquet, cannulation technique (area, rope-ladder and buttonhole), antegrade or retrograde arterial needle insertion with bevel up or down, needle rotation, and needle fixation (i.e., Butterfly, Chevron, U-shape). These needle fixation methods are defined as follows: Butterfly -step 1: apply a strip of tape, sticky side down, around the wings of the needle (Butterfly) and then stick it to the skin; step 2: secure the needle tubing with a strip (covering at least 70% of the tube perimeter before sticking it to the skin. Chevron -step1: tape the top of the wings and fix them to the patients' skin; step 2: position a second strip under the needle tube with the adhesive facing up, cross the end of the tape to form a Chevron to further secure the wings; step 3: secure the needle tubing with a strip. U-shape -steps 1 and 3 are the same as Chevron; step 2: position a second strip under the needle tube with the adhesive facing up, secure the wings by fixing the tape on top to form a U-shape. Cannulation-related variables that showed an association with the presence of a complication were entered in a multivariable logistic regression model. Results were considered statistically significant for p<0.05. SPSS (SPSS Statistics for Windows, Version 21.0, IBM Corp., Armonk, NY, USA) was used for all statistical analyses.
Results
In total, 10,807 cannulation procedures in the same number of patients were observed and included in the current evaluation. A detailed description of the cannulation process by country has been already reported (7) . There were 91.2% of cannulations performed on AVFs (of these, 54.1% distal, 45.9% proximal), and 8.8% on AVGs. Table I shows a comparison of cannulation characteristics between AVFs and AVGs. In terms of needle size, the more prevalent dimension was 15-G for AVF and 16-G for AVG. Needles with back-eye were used in 73% (forearm) and 68% (upper arm) of AVF cannulations, and in 35% (forearm) and 47% (upper arm) of AVG cannulations. A local anaesthetic was used in a small number of cases (4.1%-9.4%, depending on VA type and position) without relevant differences between types of VA. The first needle inserted was usually the arterial needle and the bevel direction was up. Arterial needle rotation was performed in about 42% to 50% of the insertions, with the majority of these being inserted in the antegrade direction. The most common cannulation technique applied was area (61%) followed by ropeladder (28.9%) and buttonhole (6.1%) and the most common needle fixation was "U-shape".
Out of all observed cannulation procedures, 367 were associated with some kind of complication (multiple-cannulation, haemorrhage, haematoma, infiltration), with the need for multiple-cannulation being the most frequent (33.8%). Figure 1 shows the proportion of cannulation complications by vascular access type and anatomical location: with the exclusion of the rare forearm grafts, no large differences between the various vascular access locations were detected. Table II shows the results of the logistic regression model evaluating the association between cannulation practice and occurrence of an acute complication. Using the needle size of 15-G as reference, the application of 16-or 17-gauge needles was associated with significantly higher odds ratio.
When back-eye needle was used, an 88% significantly higher odds ratio for complication was detected. Using the rope-ladder cannulation technique as reference, the selection of buttonhole and area techniques were associated with a significant 44.1% and 38.7% lower odds ratio, respectively. A significantly higher odds ratio was also estimated when the venous needle was inserted first. In terms of needle fixation, no statistical differences were detected between Butterfly, Chevron and U-shape models, but only for the "other" methods. Disinfectants and application of a compression at the time of cannulation was not significantly associated with the risk of complications. Finally, Figure 2 reports the proportion of patients with different cannulation complications by cannulation technique, with rope-ladder modality more likely to be associated with multiple-cannulation or other complications.
Nurse experience with cannulation was as follows: 66% had more than 5 years' experience; 19% between 2 and 5 years; 7% between 1 and 2 years; and 8% less than 1 year.
Discussion
In total, 367 procedures out of 10,807 were associated with some kind of complication. To our knowledge, this is the first time that information on prevalence of complications of cannulations has been reported. We believe that this reflects clinical practice because the clinical staff was particularly motivated to record all events in the scope of the study. Although there are no other publications on which to compare our results, we believe that this prevalence of complications is lower than might be expected. In parallel to our previous study (8) evaluating the impact of cannulation practice on vascular access survival, this study also revealed a significantly higher odds ratio for acute complications when smaller size needles (16-and 17-gauge) were prescribed. The selection of the needle size should depend on the required blood flow (9) but the obvious limitation of the size of the vein has to be considered (1). Therefore, before the application of the tourniquet, the size of the vein should be assessed; the smaller the vein, the smaller should be the size of the needle. The increase of the odd ratio with small needles, is likely an indication of the quality of VA.
To our knowledge, an association between the use of back-eye needles and risk for acute cannulation complications has never previously been reported. It is generally recommended that the arterial needle should have a back-eye in order to prevent suction of the needle to the inner vessel wall (9) . In fact, the presence of a back-eye allows an adequate blood flow decreasing the risk of an excessive negative pressure. In addition, it should not require needle rotation, but in our survey 46.8% of the arterial needles with back-eye were rotated, even more than the needles without back-eye (37.5%). In fact, arterial needles without back-eye are mainly used in cannulation with bevel down, not requiring rotation. Therefore, the question of whether or not the higher risk profile found in association with the use of needles with backeye is of causative nature remains open.
Some authors (10, 11) believe that cannulation of an AVF requires more technical skills than cannulation of an AVG, with reports of higher needle infiltrations in patients with native fistulas. This result was confirmed by van Loon et al (5) , who reported a higher percentage of miscannulation as well as cannulation-related complications in patients with AVF compared with AVG. However, in our study the type of VA was not associated with significantly different risk of acute complications. Some cannulation techniques may be of higher complexity. In this study, the area technique showed a significantly lower odds ratio for acute cannulation complications, mainly because of lower risk for unsuccessful cannulations. However, it is important to point out that the results of this study only refer to the occurrence of acute cannulation complications and do not refer to fistula survival. In fact, as reported in a previous publication (8) , buttonhole and rope-ladder cannulation techniques were associated with better results than area regarding fistula survival. Van Loon et al (4) already reported a higher frequency of unsuccessful cannulations associated with buttonhole technique, but also less haematoma formation. The rationale could be that unsuccessful cannulation with blunt needles may cause less tissue injury than with the sharp needles used for the ropeladder and area technique (4) . In evaluating the medium-to long-term consequences of different acute cannulation complications, the formation of haematoma may play a major role, thus justifying our previous report of a significantly improved vascular access survival associated with the buttonhole or the rope-ladder compared to the area technique (8) . Our current analysis confirmed the significantly lower risk profile of buttonhole cannulation also in terms of acute complications. According to van Loon et al (4) , only 8% of patients cannulated with blunt needles ask for local anaesthetic cream compared to 30% exposed to the rope-ladder technique. Surprisingly, and in contrast to other studies (12, 13) , this result was not consistent with the evaluated pain score. However, we can speculate that the lower proportion of patients requiring a local anaesthetic may be only partially related to the use of blunt needles, but may also be related to the general lower level of trauma at the needle insertion sites.
When the venous side was cannulated first, a significant 68% higher odds ratio for "cannulation complication" was found. Following this unexpected result, a clarification question was placed to the three countries using this procedure. The use of this procedure was based on the conviction that, since the venous side of the VA is usually more difficult to cannulate, if one succeeds in doing that then one is relatively certain to succeed in cannulating the arterial side, and therefore to perform dialysis. Particularly, in the case of complicated fistulae, the venous side was cannulated first. One can therefore speculate that when the VA was considered problematic (i.e., not functioning well), the cannulation with venous needle first was selected.
Axis needle rotation was associated with a significantly higher odds ratio for acute complications. In detail, rotation practice was associated with a higher frequency of infiltration, haemorrhage and haematoma (1.7% vs. 1.2% without rotation). Therefore, it is likely that the practice of rotation causes an additional trauma to the wall of the vessel, increasing the orifice and allowing the infiltration of blood to the subcutaneous tissue. Session after session, the repetition of this tissue injury may develop into a fibrotic process with consequent earlier termination of the fistula. However, in a previous study, we were unable to detect the impact of needle rotation on fistula survival (8) . Nevertheless, on the basis of the results of the current study, we believe that needle rotation should not be recommended.
The procedure to secure needles and blood lines is very important in order to prevent partial or complete needle dislodgment (9), with possible infiltration and formation of haematoma. Our study showed a significantly lower odds ratio for the "other" type of needle fixation compared to Butterfly, with Chevron and U-shape techniques not differing from Butterfly. A second investigation revealed that most of these "other" techniques were actually a modification of the U-shape, which one could approximate as being V-shape. Despite this implication, that fixation with U-or V-shape could be advantageous in avoiding acute cannulation infiltration, concrete conclusions are not possible with our data.
Finally, in relation to nurse experience, we correlated this with the number of complications during cannulation (data not shown) and found that more complications were reported for cannulations performed by experienced nurses. However, as there were no data available linking the access quality with the cannulator, it can only be speculated that the most experienced nurses were dedicated to cannulate the most complicated accesses, hence the higher number of complications reported. In all countries there was a predefined mandatory cannulation training program for all nurses. Some countries have a dedicated vascular access coordinator to manage all issues concerning the vascular access. The cannulation technique used was defined at centre level between the medical director, the head nurse and the vascular access coordinator (where available). The only free decision left in the hands of the individual nurse was the direction of arterial needle (decision influenced by the cannulation space) and the direction of the bevel. Our study has certain limits and strengths. We did not consider patient characteristics and comorbidities that potentially affect the onset of the type of complication considered in our study. Comparison of groups of patients treated with the different cannulation practices in this observational study could therefore be biased. However, since the practice at the time of the survey was still highly related to the single-centre culture and tradition, we believe that this limitation is not major. Another limitation is related to the acute complications referred to as "unknown", i.e., not referred to as due to multiple-cannulation, haemorrhage, haematoma or infiltration. Since they are not exactly described, we cannot better qualify the severity and importance of this complication group. As strengths of this study we would like to underline the high number of procedures monitored and the large variability in the practice performed in different dialysis units in several countries.
In conclusion, proper cannulation is crucial for the longterm survival of a VA and is a fundamental skill that the nurse must develop. This study identified certain steps in the process of cannulation that could potentially prolong the life of the vascular access. This has consequences not only for patient survival on chronic haemodialysis but also patient quality of life by preventing sufferance due to the creation of additional temporary or permanent vascular accesses.
VA care and management is not without challenges. It requires continuous education of nurses, patients and also physicians. Particularly the first two (nurse and patient) play an important role in ensuring the longevity of the VA. Good knowledge is necessary to enable the nurse to assess, plan, implement and evaluate the care given to patients before, during and after cannulation and to deal with complications properly. However, the impact of education on VA survival and potential reduction of acute cannulation complications has never been properly evaluated. Therefore, more studies should be conducted on this important topic.
